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Abstract 
A new preparative procedure using potassium per-
manganate has enabled previously undescribed 
struct ures on the surface and in the walls of 
pollen grains to be visualised. The results in 
some respects lend support to predictions that 
have been made on the ultrastructure of walls 
which have not been imaged clearly by any 
presently available technique. The findings may 
necessitate a reappraisal of current concepts 
regarding pollen wall str ucture. 
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Introduction 
A techniq ue is outlined that extends the 
utility of the acetolysis technique of Erdtman 
(1960) by subsequently treating the material with 
potassium permanganate , the use of which revea l s 
details that enable a more precise understanding 
to be gained of the structures present . Results 
suggest a structural system that has not 
previously been described, which may be of signi -
ficance in the understanding of pollen wall sub-
structure . The exine of pollen grains is known to 
be composed mai nl y of sporopolleni n, a hig hl y 
resistant polymer of carotenoids and carotenoid 
esters Brooks and Shaw (1971). However, it is 
widely appreciated t hat sporopollenin is a family 
of substances rather than a single substance and 
that proteins and carbohydrates are intermixed in 
small amounts with sporopollenin in mature 
exines. A number of workers have shown that parts 
of th e exine can be dissolved by a variety of 
chemical treatments . Bailey (1960) used monoeth-
anolamine to dissolve exines and Ishida (1970) 
used chromic acid which preferentially dissolves 
the ectexine, leaving the endexine intact . 
Southworth (1974) compared and tab ul ate d the 
effects of a wide range of solvents and oxidising 
agents . Rowley and his collaborators have used 
such techniques as a means of dismantling exines 
to study their substructure Rowley and Prijianto 
(1977), Rowley (1978) , Rowley & Dahl (1977) , 
Rowley et al . (1981) . In these studies the tran-
smission electron microscope was used to document 
the effects of chemical treatments and models of 
exine substructures were proposed . In the present 
study the effects of potassium permanganate upon 
exines have been investigated using a Hitachi 
field emission scanni ng electron microsco pe . 
Materials and Methods 
Sections and whole grains of freshly 
collected or sto r ed material of Thunbergia 
mysorensis T.And. Fagus s yl vatica L. Scorzone ra 
hispanica L. and Nuphar lutea(L.) Sibth . Sm. were 
divided into sa mple s , each of which was t hen 
su bjected to treatment with one of the 
fo ll owing : A. Acetolysed after the method of 
Ertdman (1960) . 9 vol s acetic anhy drid e , 1 vol 
cone.sulphuric acid . Material immersed and heated 
to 70 °C for 15 minut es . B. Acetolysed , washed in 
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water and treated with a 1% solution of potassium 
permanganate in water for 10 minutes. C. 10 
minute treatment in 1% permanganate solution 
followed by 12 hour treatment in 0.1% solution . 
D. Carnoy 1s fixative , absolute alcohol 6 vols, 
Acetic acid 1 vol , chloroform 3 vols , for 1 hour , 
washed in distilled water , then treated with 1% 
solution of potassium permanganate for 12 hours . 
After treatment samples were thoroughly 
washed, and a small amount from each sample was 
subjected to treatment in an ultrasonic bath for 
10 seconds . Samples were then mounted on the 
emulsion side of developed film, which was then 
stuck to a stub with araldite resin, and cured in 
a 40 °Coven, then coated with a 15 nm layer of 
gold palladium in a sputter coater and examined 
in a Hitachi S800 field emission scanning 
electron microscope . 
Results 
The results can be conveniently divided into 
surface topography and wall structure . 
Surface topography 
Thunbergia mysorensis 
Acetolysed pollen gave a pattern, Fig . 1. , 
showing a layer covering the surface obscuring 
some of the detail. Subsequent treatment of this 
material with a permanganate solution removes 
this layer revealing further structural details , 
Fig.2. 
A comparison made between acetolysed material 
and permanganate treated fresh material revealed 
the presence of bridging structures in the area 
of the aperture , Fig . 3 . Other samples treated 
with fast atom bombardment showed the same struc -
tures , and recent transmission electron 
micrographs have also confirmed their presence . 
These structures have not been previously 
described from acetolysed material . More 
prolonged treatment of the material with 
permanganate revealed a densely matted reticulate 
layer,Fig . 4 . This layer is revealed on all pollen 
surfaces examined in this study regardless of 
prior treatment . It is therefore assumed that it 
does exist , it is possibly a reaction to the 
permanganate by a particular substance , but it 
does indicate that this substance is present in 
all the pollens examined . It appears to be a well 
defined network of fibrils of approximately 15nm 
diameter and in Thunbergia it is approximately 
240nm thick . It is concluded from subsequent 
investigations that this fibrillar layer 
represents the outside of the tectum . 
Fagus sylvatica . This species treated by the 
acetolysis method shows the same type of masking 
of the finer detail as did Thunbergia , Fig.S. 
Treatment with permanganate removes the masking 
layer and shows the surface details more clearly, 
Fig . 6 . Extended treatment with permanganate 
reveals the same reticulate structure as seen in 
Thunbergia . 
Nuphar lutea . Acetolysed material showed the 
same surface detail, uneven with indications of a 
deeper structure, Fig . 7 . Treatment with 
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1. Thunbergia mysorensis, surface of acetolysed 
grain. Bar= :Wm. 
2. Thunbergia mysorensis, surface of acetolysed 
grain treated with 1% potassium permanganate 
solution. Bar= 1pm. 
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3 . Thunbergia mysorensis , aperture area of 
acetolysed grain treated with permanganate 
showing the bridging structures not apparent in 
material that has only been acetolysed . Bar= 5Jlll1• 
4 . Thunbergia mysorensis , high power detail of 
Carnoy fixed material which has been subsequently 
treated with permanganate to reveal the 
reticulate structures 15nm in diameter found on 
all pollens examined . Bar= 0 . 5.,um. 
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permanganate 
the grain , 
magnification 
that have not 
did not change the overall shape of 
but examination at a higher 
revealed s ub surface structures 
been observed previously,Fig . 8 . 
Scorozonera hispanica . Acetolysed material 
showed a clean microperforate surface . Closer 
examination revealed very fine cracks that could 
not be accounted for by coating methods,Fig . 9 . 
Subsequent treatment with permanganate produced 
the same reticulate pattern,Fig . 10. 
All of the above experiments indicated that 
even after acetolysis which must have removed the 
pollenkitt , another layer was present which was 
resistant to the acetolysis treatment . This 
layer , it has been demonstrated , can be removed 
by subsequently treating the material with perma -
nganate to reveal subsurface detail . 
Wall structure 
Tii"iinbergia mysorensis wall is composed of 
columellae arising from a basement layer and 
terminating at the surface of the grain in an 
arcade , Fig . 11. Comparison of this with 
acetolysed material, Fig . 12 , shows little 
difference . In the transmission electron 
micrograph the columellae are solid structures 
and there is no indication of differentation in 
them . This is in agreement with what is commonly 
accepted in current interpretations of such stru-
ctures . Treatment of Carnoy-fixed material with 
permanganate,Fig . 13, indicates that some dissolu -
tion is taking place on the outside of the colu-
mellae , revealing an inner core of other material 
that is resistant to the action of the 
permanganate . Treatment of grains using only 
permanganate appears to remove the inner core 
whilst retaining the cladding material . Fig . 14 
shows material that has been treated with perman -
ganate, and shows that the inside of the columel-
lae has been removed by the treatment leaving 
only the cladding material . 
Fagus sylvatica treated with acetolysis and 
subsequently with permanganate becomes brittle . 
This enables areas to be broken off to reveal a 
lower level of organisation, Fig . IS . Examination 
of the layers show that it is a continuous double 
l ayer perforated by a series of holes . It should 
be noted at this point that the holes pass 
through the double lay~r and do not give access 
to it . The tectal layer is joined to the double 
basement layer by columellae , which are the same 
in structure as those in Thunbergia . The tubular 
columellae actually access into the basement 
structure , thus creating two quite distinct and 
separate systems , Fig.16 . 
Scorzonera hispanica has solid columellae as 
in Thunbergia but differing in that they are 
raised above the basement layer , and appear to be 
anchored by extensions of the columellae , 
Blackmore (1982),Fig 17. Treatment of material 
with acetolysis and permanganate reveal as in 
other species that the contents of the columellae 
are removed by this treatment , illustrating that 
the system in this species is similar to those 
described above , Fig . 18 . 
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5. Fagus sylvatica, surface of acetolysed grain 
showing the presence of the acetolysis resistant 
layer . Bar= 1pm. 
6. Fagus syl vatica, surface of acetolysed grain 
treated with permanganate and ultrasonics which 
have removed the acetolysis resistant layer 
revealing the substructure. Bar = 1pm. 
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7, Nuphar lutea, surface of acetolysed grai n 
showing the acetolysis resistant layer masking 
detail. Bar= lµm, 
8. Nuphar lutea, surface of acetolysed grain 
treated with permanganate to reveal the 
substructure . Bar= 1pm. 
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Discussion 
Since the advent of the scanning electron 
microscope, illustrations of pollen grains using 
the acetolysis technique have become common in 
published works. These are often backed with 
light micrographs to give information in depth 
that is not possible to obtain with the SEM. The 
acetolysis treatment is said to remove all but 
the sporopollenin Brooks and Shaw (1971). However 
Dickinson (1976) observed that it is generally 
accepted that sporopollenin is a complex 
substance and that its chemical composition 
remains a subject for discussion. 
Comparison between pollen that has been 
acetolysed with material that has been acetolysed 
and subsequently treated with permanganate 
reveals differences in surface topography that 
can only be accounted for by the removal of a 
layer of material that was acetolysis resistant. 
At the present time, this layer which appears to 
be present on the acetolysed material has no 
specific name; one must assume that it is exine, 
but if this is the case, results would indicate 
that the permanganate treatment enables a discri-
mination to be made between this type of exine 
and that which makes up the remainder of the 
tectum. 
The removal of the acetolysis resistant layer 
from the surface of the grain, reveals a lower 
layer of a finely reticulate material that is 
continuous over the exposed tectum, indicating 
that the type of exine in this area differs from 
that of the acetolysis resistant layer of the 
surface of the grain. Further treatment of 
acetolysed grains with permanganate solution 
reveals the presence of a third type of 
substance. 
The results obtained from the combined use of 
acetolysis and potassium permanganate and from 
permanganate alone indicate the presence of a 
substance or structure that is common in the 
walls of all four species examined. This fact 
raises a problem mainly because previous 
conclusions regarding the wall structure have 
been drawn from transmission electron microscopy 
results, or from the various destructive chemical 
dissection techniques. The above results, 
despite the fact that a chemical reagent was used 
which is also a powerful oxidizing agent, have 
revealed the existence of a structural system 
that has not previously been imaged with the SEM 
and may be similar to the structures seen in TEM 
by Rowley and Rowley et al. loc cit. and 
Southworth (1985a 1985b and 1986). 
Broadly speaking the majority of work done 
on pollen wall structure with the transmission 
microscope uses the fairly standard method of 
fixation followed by treatment with osmium; after 
the material has been sectioned, it is stained 
with uran yl acetate and lead citrate. Specimens 
prepared in this way show a uniform staining 
reaction, giving the impression that the columel-
lae are solid structures. The conclusion that one 
can draw from this type of result is that the 
material inside the columellae and that on the 
outside have the same affinity for the stains 
used, and therefore appear to have the same 
density. 
A search through the published literature for 
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9. Scorzonera hispanica, acetolysed grain showing 
an apparently smooth surface, arrow indicates 
cracking due to the presence of the acetolysis 
resistant layer. Bar= O.Sµm. 
10. Scorzonera hispanica, treatment of the above 
grain with permanganate removes the acetolysis 
resistant layer and reveals a reticulate 
structure. Bar= O.Spm. 
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11.Thunbergia mysorensis, TEM micrograph of a 
sec tioned acetolysed grain. Bar= 1pm. 
12.Thunbergia mysorensis, SEM of a similar grain 
showing comparable st ructur es as t hose in the TEM 
above. Bar= lJJm• 
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13.Thunbergia mysorensis, Carnoy fixed material 
treated with 1% permanganate , the outside of the 
co lumella e appear to be in a state of dissolution 
revealing the presence of an insi de core of 
resistant material. Bar= 1pm. 
14.Thunbergia mysorensis, fresh material treated 
with 1% permanganate solu t io n s howing the 
dissolution of the inside material of the 
columellae . Bar= lµm. 
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15.Fagus sylvatica,whole fresh grain treated with 
1% permanganate, part of the upper layer of the 
grain has been removed to show a lower level of 
organisation. Bar= 5pm. 
16.Fagus sylvatica, acetolysed material treated 
with 1% permanganate to demonstrate the double 
base layer, arrow. The columellae supporting 
substance ha s been removed. Bar= 1pm. 
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17.Scorzonera hispanica, SEM of a fractured grain 
showing the apparently solid columellae . 
Bar= 2pm. 
18.Scorzonera hispanica, acetolysed 
with 1% permanganate , which has 





micrographs that may lend support to the fact 
that the columellae are not a single substance 
has revealed that there are many published micro-
graphs that would support this hypothesis, but 
the authors ha ve attrib ut ed other reasons to 
account for the staining difference between the 
inside and ouLside of the columellae . 
Pettitt and Jermy (1974, 1975) and Rowley et 
al. (1981) subjected spores and pollens to treat-
ment with metallic derivatives and the 
micrographs that they published showed a 
preferential deposition of electron -d ense 
material on the outside of the columellae or 
sporopollenin structures . Pettitt and Jermy 
concluded that this difference was due to 
condensation of tapetal debris occurring in the 
locus at an earlier stage of development. Rowley 
thought that the difference that he observed was 
due to the binding of silver to charged groups on 
glycocalyx units protruding from subunits of the 
exine exposed through sectioning . 
It may well be that both of the above 
explanations for the phenomena observed are 
valid , but more importantly it indicates that 
there is a difference between the inside and the 
outside of columellae that can be demonstrated by 
staining techniques on thin sections . 
Reconstructions based on the wall structures 
observed and illustrated in this paper, indicate 
that there are two systems present in each of the 
four species investigated . It has been assumed 
that the material inside the columellae is the 
principal supporting matrix of the pollen wall 
and is always in contact with the basement layer. 
The outside layer of the columellae does not come 
into contact with the basement layer and has 
access only to the outside layer of the pollen 
grain. Both systems appear to be protected from 
the outside environment by what appears to be an 
acetolysis resistant layer coated with 
pollenkitt . 
Various treatments of pollen grains can cause 
swelling by the extrusion of large quantities of 
gelatinous material, grains in t hi s state still 
have solid col umellae ; therefore one must assume 
that this gelatinous material is derived from the 
outside of the enclosing material of t he 
columellae . 
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Dis cussion with Reviewers 
H. Calvert: What do the observations tell us about 
the chemical nature of the columellar core? What 
Pollen wall structure , a new interpretation 
insight is gained into the chemical composition 
of the core by the observation that it is removed 
when treated only with permanganate but retained 
when permanganate is prec eded by Carney ' s? 
Author : The chemical nature of the s ubsta nce s is 
not revealed by the technique, it is a problem 
that would have to be tackled by an organic 
chemist. However the ability to " fix " the core 
material by pretreatment wit h Carney ' s fixative 
suggests that it differs chemically from the 
material that is removed . 
I-I.Calvert : Does the discovery of this columellar 
core give new insight into the formation of the 
pollen exine? 
Author: The results suggest that the mesh like 
layer is probably deposited first and later 
infilled by sporopollenous material. This 
suggestion is consistent with the observation 
that the columellae of Scorzonera and other other 
Compositae appe ar hollow 
prior to infilling with 
Blackmore 1986). 
during development, 
sporopollenin . (Barnes 
J .Rowley : Is the Gunnar Ertdman acetolysis 
resistant layer seen on fresh and untreated 
exines? Could it be the plastic equivalent to a 
case-hardened surface for steel? I ask because 
the plastic of exines increases in polymerisation 
level with time, especially at elevated 
temperatures. 
Author: Yes , the resistant layer can be seen on 
material that has not been acetolysed . There is 
no reason why it should not be regarded as a case 
hardening. No experiments have been carried out 
which involve heating pollen prior to treating 
with permanganate. 
J.Rowley: Since the surface of untreated (TEM 
prepared) exines sometimes (especially during 
development and germination) shows a pattern like 
the surface of the columellae in Fig. 16, I 
wonder if the "r esistant layer" has the 
reticulate substructure within it (?) ; Figures 6 
and 7 appear to be intermediate. 
Author: It would appear that the resistant layer 
is a separate entity to the reticulate material. 
This conclusion is based on the results of a 
number of experiments carried out over the past 
year. 
D.Southworth: How can you tell that the 
reticulate part i s only a layer and will not 
penetrate through the exine with prolonged 
treatment? How was the thickness measured? 
Author: Prolonged treatment removes the 
reticulate material, indicating that it is a 
discrete layer. The thicknes s was measured from 
micrograp hs taken at high magnifications. 
D.Southworth: How do these results relate in 
organisation and dimen sion to the coil and binder 
model of Rowley and the lattice str uctures of 
Southworth ? . 
Author: The TEM results of Rowley and Southworth 
were based on treatments other than permanganate 
and therefore it is difficult to draw a 
comparison. The illustrations used by the above 
authors to demonstrate the existence of the 
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structures that they described, were at 
magnifications between xlS0 , 000 and 200,000, and 
the greatest magnification in the present 
publication is only x68 , 000. However the results 
may not be mutually exclusive. 
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